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The Invention relates to an agent specific for periphnal sensoiy aflerents. The agent may fadulnt the ttansmassiott of signals between 
a primaiy sensoiy afferent and a projection neuron by contitdling the release cS at least one neurotransmitter > or neuronioduliitof from the 
primaiy sensory afferent The agoit may be used in or as a pfaannaccutical for die oeatmem of pam, paiticuhiriy chronic pain. 
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BotullnuB toxin derivatives able to nodlfy peripheral sensory afferent 
functions 



Technical Field 



This invention relates to a novel agent that is able to modify peripl»al afferent 
function. The agem may inhibit neurotransmitter release fiomdisoete 
populations of neurons, and thereby reduce, or preferably prevent, the 
transmission ofafferrat pain signals from periphml to central pain fibres. The 
agrat may be used in or as a pharmaceutical for the treatment of pain, 
particularly chronic pain. 



Background 

The sense of touch has traditionally been regarded as one of the five classical 
senses, but in reality it is highly complex, transducing a number of different 
sensations. These sensations are detected in the periphery by a variety of 
specialised nerve endings and associated structures. Some of these are q[)ecific 
for mechanical stimuli of various sorts such as touch, pressure, vibration, and 
the deformation of hairs or whiskers. Another class of nerves is able to detect 
temperatures, with different fibres being activated by heat and cold. Afiirther 
population of nerve endings is not normally excited by mild stimuli, but by 
strong stimuli only. Sensory nerves of this category often respond to more dian 
\ one stimulus, and are known as high-threshold polymodal fibres. They may be 
used to sense potentially damaging situations or objects. The polymodal fibres 
also transduce chemical signals such as the "^burning"' sensation evoked by acid. 
Thus, the sense of touch can transmit a very detailed description of objects and 
serve to both infidrm and warn of events. 
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The transduction of sensoiy signals from the periphery to soisation itself is 
achieved by a multi-neuronal pathway and die informadon processing centres of 
thebrain. The first nerve ceUsofdie pathway mvolved in the tranmiission of 
sensory stimuli are called {nimary sensory a£ferents. The cell bodies for the 
primary sensoiy afferents firom the head and some of the internal organs reside 
in various of die ganglia associated with die cranial nerves, particularly the 
trigeminal nuclei and die nucleus of the solitary tract The cell bodies for die 
primary sensory afierents for die remainder of the body lie in the dorsal root 
ganglia ofthe spinal column. Hie primary sensory afiferents and their processes 
have been classified histologically; the cell bodies &11 into two classes: A-type 
are large (60-120 ^m in diameter) while B-type are smaUer (14-30 
more numerous. Similariy die processes faU into two categories: C-fibres lack 
die myelin sheath that A-fibrcs possess. A-fibres can be fiirdier sub-divided 
into Ap-fibres« that are large diameter with well developed myelin, and A6- 
fibres,diat are diinnerwidi less well developed myelin. It is generally believed 
that Ap-fibres arise from A-type cell bodies and that A6- and C-fibres arise 
fiom B-type cell bodies. These classifications can be fiutherextmded and 
subdivided by studying the selective expression of a range of molecular 
markers. 



Functional analyses indicate that under normal circumstances Ap-fibres 
transmit die senses of touch and moderate temperature discrimination, whereas 
the C-fibres are mainly equivalent to die polymodal high-direshold fibres 
mentioned above. Tlieroleof AS-fibresislessclearasdiey seemtohavea 
variety of responsive modes, widi bodi high and low diresholds. 

After die activation of die primary sensory afifacnts die next step in 

transduction of sensory signals is die activation of die prx)jection neurons, which 
carry die dgnal to Wgher parts of die central nervous system such a^ 
dialamic nuclei. The cell bodies of diese neurons (odierdiandiose related to 
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cranial naves) aie located in tiie dorsal hom of the Thisisalso 
where the synapses between the primaty affercnts and the projection neuzxms are 
located. The dorsal horn is organised into a series of laniinae that are stacked, 
with lamiiia I beirigniost dorsal foUowed by lanunall, etc. ThedifTerenl 
5 classes ofprimaryaffmnts make syiiapses in dififapentlani^^ Forcutaneous 
primary affermts, C-fibres make synapses in laminae I and II» Aft-fibres in 
lamiriael,n»and V,aiidAp-fitoesinlaniiriaeIII,rV,and V. Deeper laminae 
(V-Vn, X) are diought to be involved in the sensory pathways arriving from 
deeper tissues such as muscles and the viscera. 

10 The predominant neurodransnitter at the syiiapses between prirnaryaffer 

and projection neurons is glutamate, although inqx>itantly the C-fibres contain 
several neuropeptides sudi as substance P and calcitonin-gene related peptide 
(CGRP). A-fibres may also express neuropeptides such as neuropeptide Y 
under some circumstances. 



The efficiency of transmission of these synq>ses can be altered via descending 
pathways and by local intemeurons in the spinal cord. These modulatory 
neurons release a number of mediators that are either inhibitory (e.g. opioid 
peptides, glycine) or excitatory (e.g. nitric oxide, diolecystokinin), to provide a 
mechanic for enhancing or reducing awareness of sensations. 

A category of sensation fhat requues such physiological modulation is pain. 
Pain is a sensation that can warn of injury or illness, and as such is essential in 
everyday life. There are times, however, vdien there is a need to be able to 
ignore it, and physiologically this is a function of; for example, the opioid 
peptides. Unfortunately, despite these physiological niechanisms, pain can 
continue to be experienced during iUncsses or after injuries long after its utility 
haspassed. In these circumstances pain becomes a symptom of disease that 

would be better alleviated. 
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Clinically, pain can be divided into three categories: (1) Acute pain, usually 
arising from injury or surgery that is eaqiected to disqipgar when t h^t injiiry is 
healed. (2) Chronic pain arising from malignant disease; the majority of people 
with metastatic cancer have moderate to severe pain and this is resolved either 
by successful treatment ofttie disease or by the death of die patient (3)Chronic 
pain not caused by malignant disease; this is a heterogeneous complaint, caused 
by a variety of illnesses, including arthritis and peripheral neuropathies, diat are 
usually not life-direatening but ^ch may last for decades widi increasing 
levels of paiiL 

The physiology of pain that results from tissue damage is better understood dian 
that which is caused by central nervous system defects. Under normal 
circumstances the sensations that lead to pain are first transduced by tibe A6- 
and C-fibres that carry high threshold signals. Thus the synapses in laminae I 
and n are involved in the transmission of the pain signals, using glutamate and 
the peptides released by C-fibres to produce activation of the ^propriate 
projection neurons. There is, however, evidence that in some chronic pain 
states other A-fibres (including Ap-fibres) can carry pain signals, and dius act as 
primary nocicq^tive afierents, for example in the hyperalgesia and allodynia 
associated with neuropathic pairL These chaises have been associated with die 
expression of peptides such as neuropeptide Y in A fibres. During various 
chronic pain conditions the synapses of the various sensory afiferents with 
projection neurons may be modified in several ways: there may be changes in 
morphology leading to an increase in die number of synapses, the levels and 
ratios of the different peptides may change, and the sensitivity of the projection 
neuron may change. 

Given the enormity of the clinical problem presented by pain, considerable 
effort has been expended in finding metiiods for its alleviation. Themost 
commonly used pharmaceuticals for the alleviation of pain M into two 
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categories: (I) Non-steroidal anti-inflammatory drugs (NSAIDsX including 
aspirin and ibtqprofen; (2) Opioids, including morphine. 

NS AIDs have their main analgesic action at the periphery by inhibiting tdc 
production of prostaglandins by damaged tissues. Prostaglandins have ben 
s shown to be peripheral mediators of pain and inflammation and a reduction in 
their concentration provides relief to patients. This is especially the case in mild 
arthritic disease, vAum inflammation is a nuyor cause of pain, Ithasbeen 
suggested that prostaglandins are involved in the mediation of pain in the spinal 
cord and die brain; fliis may explain why NS AIDs have analgesic effects in 

10 some pain states that do not involve inflammation or peripheral tissue damage. 
As prostaglandins^ however, are only one of several mediators of pain NS AIDs 
alone are ordy effective in reducing some types of mild pain to acceptable 
levels. They are regarded as having a ceiling of activity above which increasing 
doses do not give increasing pain relief Furthermore they have side effects tiiat 

15 limit their usefulness in chronic complaints. The use of NSAIDs is associated 
with irritation of the gastro-intestinal tract and proloi^ed use may lead to the 
development ofextensive ulceration of the gut This is particularly true in 
eld^y patients who form the largest cohort of patients with, for example, 
arthritis. 

20 Opioids act at the level of the spinal cord to inhibit the efficiency of 

neurotransmission between the primary nociceptive fibres (principally C-fibres) 
and the projection neurons. They achieve this by causing a prolonged 
hyperpolarization of bo& elements of these synq>ses. The use of opioids is 
effective in alleviating most types of acute pain and chronic m al i g n ant pain. 

25 There are, however, a number of chronic malignant pain conditions which are 
partly or completely refractory to opioid analgesia, particularly those which 
involve nerve compression, e.g. by tumour formation. Unfortunately opioids 
also have unwanted systonic side-effects including: (1) depression of the 
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icspiiatary system at Ae level of tiieitspiiatoiy centres in the brain stem; (2) 
the induction of constipation by a variety of effects on die smooth musculature 
of the gastro-intestiiial tract; and (3) psychoactive effects including sedation and 
the induction of euphoria. These side effects occur at doses similar to those that 
produce analgesia and therefore limit the doses that can be given to patients. 

Deliveiy of opioids at die spinal level can reduce the side-effect profile, but 
requires either fiequently repeated ^inal injecdras or fitting of a catheter, both 
of v^ch carry increased risk to the patient Fittingof a catheter requires that 
the patient is essentially confined to bed thus fiirther restricting their qualiQr of 
life. 

The use of opioids for die treatment of some other types of chronic pain is 
generally ineffective or undesirable. Examples include the pain associated with 
rfaeurnatoid arthritis and neuronias that develop after nerve injury. The 
undesirable nature of opioid treatment in these patients is related not only to 
side-effects already mentioned and the probable duration of the disease but also 
to the fourdi nuyor ^de-effect of the opioids: depoidence. Opioids such as 
morphine and heroin are well-known drugs of abuse diat lead to physical 
dependence, this last side-effect involves the development of tolerance : the dose 
of a drug required to produce the same analgesic effect increases with time. 
Tliis may lead to a conditicm in vrfuch die doses required to aUeviate 

life-threatraing due to the first three side-effects. 

Ahhough NS AIDS and opioids have utility in die treatment of pain diere is 
general agreement that diey are often not appropriate for die adequate treatment 
of pain, particularly chronic and sevoe pains. 

Odicr treatments are also used, particularly for die treatment of chronic severe 
pain including surgical lesions of die painpadiways at several levels ftom 
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peripboal nerves tbrough dorsal root section and cordotomy to pituitary 
destruction. These are, however, mostly severe operations that are all associated 
with rignificant risk to the patient 

It can be seen, tfamfore, that there remains a significant need for the 
5 development of new classes of pharmaceuticals for the treatment of pain of 
manytypes. The desired properties of such new therapies can be briefly 
esqpressed as follows: (1) the ability to provide significant relief of pain 
including severe pain; (2) the lack of systemic side effects that significantly 
'mspak the patient's quality of life; (3) long-lasting actions that do not require 
10 fiiequent injections or long-term catheterisation of patients; (4) provision of 
agents diat do not lead to tolerance and associated dqiendence. 

Statement of Invention 

The present invention relates to an agent vMch can reduce and preferably 
prevent the transmission of pain signals fiom the periphery to the central 

15 nervous system, thereby alleviating the sensation of pain. Specifically, die 
invention can provide an agent which can reduce and preferably prevent the 
transmission of pain signals from nocicq>tive afferents to projection neurons. 
More specifically, the invention can provide an i^ent which can inhibit the - n 
mocytosis of at least one neurotransmitter or neuromodulator substance from at 

20 least one category of nociceptive afferents. 

In a first aspect of the invention, thm is provided an agent vAdch can be 
administered systemically, and can specifically target defined populations of 
nocicq)tive afferents to inhibit die release of at least one neurotransmitter or 
neuromodulator from the synaptic terminals of nerves. 
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In a second aspect of the invaition, there is provided an agent iwfaich canbe 
locally administered at the periphery, and which is able to inhibit tiie release of 
at least one neurotransmitter or neuromodulator from the synaptic tenninals of 
nociceptive afferents transmitting the pain signal from the periphery. 

In a third aspect of the mvention, an agent is provided v^ch can be 
administered into die spinal cord, and vAdch can inhibit the release of at least 
one neurotransmitter or neuromodulator from the synaptic terminak of 
nociceptive afiferents terminating in that region of the spinal cord. 

In a fourth aspect of the invention, there is provided an agent which can 
specifically target defined populations of afferent nrarons, so that the effect of 
the agent is limited to that cell type. 

In a fifth asjpca of the invention, there is provided a method of treatment of pain 
vAdch comprises administering an effective dose of the agent according to the 
invention. 

In a sixtii aspect of the invention, the agent can be «q>ressed recombinanUy as a 
fiision protem vtbich includes die required components of the agent 

DcfinitiQns 

Withom wishing to be liinited by the definitions set down, it is intended in thi^ 
description diat die following terms have the following meanings: 

Light chain means die smaller of the two polypeptide chains which form 
clostridial neurotoxins; it has a molecular mass of approximately 50 kDa and is 
commonly refoied to as L-chain or simply L. 
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Heavy chain means the larger of the two poIypq>tide chains which fonn 
clostridial neurotoxins; it has a molecular mass of a|)pn>ximately 100 kDa and is 
conunonly referred to as H-chain or simply R 

He fragment means a fragment derived from the H-chain of a clostridial 
neurotoxin qq)roxiiiiately equivalent to the carboxy-terminal half of the H- 
chairi, or the domain coriespoiiding to diat fragment in the intact H-<haiiL It 
contains the domain of the natural toxin involved in binding to motor neurons. 

Hfi fragment means a fragment derived from the H-chain of a clostridial 
neurotoxin approidmaidy equivalent to the amino-tenninal half of the H-chain, 
or die doniaincoriespoiiding to that fragment in the intact in die H-chain. It 
contains a domain involved in the translocation of die L-chain across endosomal 
membranes. 

LH{| means a fragment derived from a clostridial neurotoxin that contains the L- 
chain, or a fimctional fragment thereof coupled to the Hi^ fragment It is 
commonly derived from the intact neurotoxin by proteolysis. 

Targeting Moiety (TM) means any chemical structure of an agent which 
fimcdonally interacts with a binding site causing a physical association between 
the i^enl and the suiftce of a primary sensory afferent 

Binding site (BS) means a structure on the surfiice of a cell with which 
exogenous molecules are able to interact in such a way as to bring about a 
physical association with the cell. 

Primary sensory afferent is a nerve cell that can cany srasory information from 
die periphery towards the central nervous system. 
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Primary nociceptive afferent is a nerve ceil that can cany snsory information 
fiom the periphety towards the central nervous system, ^ere that information 
can result in a sensation of pain. 



Rrief Description of the Drawinp 

5 Figure 1 shows a Coomassie stain of an SDS-P AGE analysis of the fractions 
from size-exclusion chromatography of the products of the coiq>ling reaction 
between deiivatized Nerve Growth Factor (NGF) and derivadzed LH^ from 
BoNT/A. 

Figure 2 shows a Coomassie stain of an SDS-PAGE analysis of the conjugate of 
10 NGF and LH^ under reducing and non-reducing conditions. 

Figure 3 shows a Western blot of extracts from PC12 cells treated with the 
conjugate of NGF and LHh, probed with an antibody tfiat recognises the product 
of tfie proteolysis of SNAP-2S by the L*chain of BoNT/A* 

Figure 4 shows a Western blot of extracts from rat dorsal root ganglion neurons 
1 5 treated with the conjugate of NGF and LH^, probed with an antibody that 
recognises the product of the proteolysis of SNAP-25 by flie L-chain of 
BoNT/A. 

TVtmled DesCTiprion of the Invention 

It can be seen that, an agent for reducing or preventing the transmission of pain 
2 0 signals from peripheral, nociceptive afferent neurons to projection neurons has 
many potential applications in the reduction of the sensation of pain, 
particularly of severe, chronic pain. 
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Accoidisg to the invention, thm is provided an agent which can inhibit the 
release of at least one neurotransmitter or nraromodulator or both from the 
synaptic terminals of nocicqitive affoents. 

- The agent has a number of discrete functions: 

1) It binds to a surfece structure (Ae Binding Site [BS]) which is characteristic 
of^ and has a degree of specificity for» nociceptive afferent neurons. 

2) It enters the neuron. Theentry of molecules into a cell can occur by a 
process of endo^tosis. Only cotain cell sur&ce BSs undergo endocytosis» and 
preferably the BS to i^ch the agent binds is one of these. In one aspect of tiiis 
invention, the BS is present on the peripheral, sensory fibres of the nociceptive 
afferent neuron and, following internalization, undergoes retrograde transport to 
the cell body and central processes of the neuron, in such a maimer that die 
agent is also delivered to these regions of the neuron. In anoth^ aspect of diis 
invention, die BS to which the agent binds is presrat on die central processes or 
cell body of the nociceptive afferent neuron. 

3) The agent enxexs the cytosol. 

4) The agent modifies components of die exocytotic machinery present in the^ 
synaptic terminals of the central processes of those neurons, such that the 
release ofat least one iieurotraiismittCT or iieuroiiiodulator from the synqytic . 
terminal is reduced or preferably prevented. 

Surprisingly, an agent of the present invention can be produced by modifying a 
clostridial neurotoxin or fragment thereof. 
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Tlie clostridial neurotoxms are proteins with molecular masses of the ordsr of 
ISOkDa. They are pnKiuced by various qpedes of ttegemisC/a5l>i^^^ 
importantly C. teiani and sevoai strains of C. bondinum. There are at present 
ei^ diffisrent classes of the neurotoxins known: tetanus toxin, and botulinum 
neurotoxin in its serotypes A, B, C 1 » D, E, F and G, and they aU share similar 
structures and modes of action. The clostridial neurotoxins are synthesized by 
the bacterium as a single polypeptide that is modified post-translationally to 
form two polypeptide diains joined together by a disulphide bond. The two 
chains are tenned the heavy chain (H), which has a molecular mass of 
approximately 1 00 kDa, and the light chain (L), ^ch has a molecular mass of 
qiproximately 50 kDa. The clostridial neurotoxins bind to an acceptor site on 
the cell mmbrane of 4ie motor neuron at the neuromuscular junction and are 
intffrnalisftd by an gndo^ytn^*' mpriwinigfTi, The intmialised clostridial 
neurotoxins possess a highly specific zinc-dependent endopq)tidase activity that 
hydrolyses a specific pq)tide bond in at least one of three proteins, 
synaptobrevin, syntaxin or SNAP-2S, which are crucial components of the 
neurosecretory machinery, and this activi^ of the clostridial toxins results in a 
prolonged muscular paralysis. The zinc-dependent endopeptidase activity of 
clostridial neurotoxins is found to reside in the L-chain. The clostridial 
neurotoxins are highly selective for motoneurons due to die specific nature of 
the acceptor site on those neurons. The specific neuromuscular jimction binding 
activity of clostridial neurotoxins is known to reside in the carboxy-terminal 
portion of the heavy chain component of the dichain neurotoxin molecule, a 
region known as He* 

Surprisingly, by covalently linking a clostridial neurotoxin, or a hybrid of two 
clostridial neurotoxins, in which the He region of tiie H-^diain has been removed 
or modified, to a new molecule or moiety, the Targeting Moiety (TM), that 
binds to aBS on the surfece of sensory neurons, a novel agait equable of 
inhibiting the release of at least one Murotransmittcr or neuromodulator from 
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nodcqitiveafferents is produced Afmthersuiprisingaspectofdiepicsm 
invention is that if the L^diain of a clostridial neurotoxin, or a firagnent of the 
L-chain containing the endopeptidase activi^, is covalently linked to a TM 
which can also effect intemalisation of the L-chain, or fiagment thereof, into the 
5 cytoplasm of a sensory neuron, this also produces a novel agent c^>able of 
inhibiting the release of at least one rieurotrarismitter or neurornodulato^^ The 
covalent linkages used to couple the component parts of the agoit may include 
appropriate spacer regions. 

The TM provides specificity for the BS on the nociceptive afiferrat neuron. The 
10 TM component of the agent can comprise one of many cell bindii^ molecules, 
including, but not limited to, antibodies, monoclmial antibodies, antibody 
fragments (Fab, F(ab)'2» Fv, ScFv, etc.)> lectins and ligands to the receptors for 
hormones, cytokines, growtii &ctors or neuropeptides. A list of possible TMs is 
given in Table 1, this list is illustrative and is not intended to be limiting to the 
15 scope ofTMs which could fulfil the requirements of this invention. In one 

embodiment of the invention the TM binds to a BS ^cfa undergoes retrograde 
transport 

It is known in the art that the He portion of die neurotoxin molecule can be 
removed fiom the other portion of the heavy chain, known as Hn, such that the 
20 Hn fragment remains disulphide linked to die light chain (L-chain) of the 
nrarotoxin molecule to provide a fragment known as LHh. Thus» in one 
embodiment of die presmt invention the LHn fragment of a clostridial 
neurotoxin is covalentiy linked, using linkages which may include one or more 
spacer regions, to a TM. 

25 In anoth^ embodiment of the invention, die He domain of a clostridial 

neurotoxin is mutated or modified, e.g. by chemical modification, to reduce or 
preferably incapacitate its ability to bind the neurotoxin to receptors at the 
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neuromuscular juxicdoiL This modified dostridial neurotoxin i$ then cov^ 
linked, using linkages yAdch XDsy include one or more spacer regions, to a TM. 

In another embodiment of the invention, the heavy chain of a clostridial 
neurotoxin, in which ^ He domain is mutated or modified, e.g. by chemical 
modification, to reduce or prefienbly incqiacitale its ability to bind the 
neurotoxin to receptors at the neuromuscular junction is combined with the L- 
chain ofa different clostridial neurotoxin. The hybrid, modified clostridial 
nrarotoxin is then covalently linked, using linkages which may include one or 
more spacer regions, to a TM. 

In anotho* embodiment of the invention, the Hh portion of a clostricfial 
neurotoxin is combined witii the L-chain of a different clostridial neurotoxin. 
The hybrid LHm is then co valentiy linked, using linkages which may include 
one or more spacer regions, to aTM. 

In another anbodiment of the invention the light chain of a clostridial 
neurotoxin, or a fiagment of the light chain containing the endopeptidase 
activity, is linked, using linkages vAdch may include one or more spacer 
regions, to a TM which can also effect the internalization of the light chain, or 
fragment thereof containing endopeptidase activity, into the cjrtoplasm of die 
ceU. 

In another embodiment of the invention the agent is expressed recoixibinandy as 
a fiision protein which includes an appropriate fragment of a Targeting Moiety 
in addition to any desired spacer domains. The recombinantiy expressed agent 
may be derived wholly from die gene encoding one serotype of neurotoxin or be 
a chimaera derived from die graes encoding two different serotypes. 
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In another embodiment of the invention the required LH||> which may be a 
hybrid of an L and Hn from different clostridial toxin types, is expressed 
recombinantly as a fusion protein with the TM, and may also include one or 
more spacer regions. 

In another embodiment of the invention the light diain of a clostridial 
neurotoxin, or afiagment of die light diain containing die endopeptidase 
activity, is expressed recombinantly as a fusion protein with a TM vMch can 
also affect the internalization of the light chain, or fragment thereof containing 
die endopeptidase activity, into the cytoplasm of the cell. The expressed fusion 
protein may also include one or more spacer regions. 

The basis of this disclosure is the creation of novel agents widi very specific and 
defined activities against a limited and defined class of neurons (primary 
sensory afferents), and as such the agents may be considered to represent a form 
of neurotoxin. Thetherapeuticuseof native botulinum neurotoxins is well 
known in die prior art. The mode of action of the botulinum neurotoxins, as 
described in the prior art, however, is by a mechanism, inhibition of 
acetyldioline secreticm, and against a categ(»y of target neurons, efferent 
motomeurons, clearly distinct fit>m the agents described in this disclosure. The 
prior art does not teach either the activity or die chemical structure of tiie agents 
disclosed. Thus, aldKMigh, as discussed in this application, the prior art teaches 
much about the native clostridial neurotoxins, native unmodified clostridial 
neurotoxins are not the subject of tills disclosure. The agent of tiiis invention 
requires modification of the clostridial neurotoxins such that the targeting 
property taught in the prior art is removed. The modified neurotoxin is then 
coupled to a new targeting function (the TM), to give anovel agent widi new 
biological properties distinct fit>m those of the native clostridial neurotoxins and 
not taught in die prior art It is this new agent witii novel properties that is tiie 
subject of this disclosure. 
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ExplQitarion in Industry 

The agent described in diis invention can be used in vivo, either directly or as a 
]rfiamiaceuticaUy accqptable salt, for treatment of pain. 

For nanq>le, an agent according to the invention can be used syscemically for 
5 the treatment of severe chronic pain. A specific example of diis b the use in 

treatment of clinical pain associated with riieumatoid arthritis affecting multiple 
joints. 

In another example, an a%mt according to the invention can be locally applied 
for the treatment of pain. A q)ecific example of this is treatment by local 
10 injection into a joint affected by inflammatory pain. 

In fiutfaer example an agent according to the invention can be administered by 
spinal injection (epidural or intrathecal) at the level of the spinal segment 
involved in the innervation ofan affected organ for the treatment of pairt This 
is, for example, applicable in the treatment of deep tissue pain, such as chronic 
15 malignant pain. 

The present invention will now be illustrated by reference to the following non- 
limiting examples: 

Fvample 1 . Synthesis of a coniugq tff ftf N^^^ fragment of BoNT/A. 

Lyophilised murine 2.5 S NGF was dissolved by the addition of water and 
20 dialysed into MES buffer (0,1 M MES, OA M sodium chloride, pH 5.0). To this 
solution (at a concentration of about 0 J mg/ml) was added PDPH (100 mg/ml 
in DMF) to a final concentration of Img/ml. After mixing, soUd EDAC was 
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added to produce a final concentiadon of abomO J mg/m^^ The reaction was 
allov^ to proceed for at least 30 iiiin at room temperature. Excess PDPH was 
then removed by desalting over a PD*I 0 column (Pharmacia) previously 
equilibrated with MES bufiR^. 

The LH^ fragment of BoNT/A was produced essentially by the method of 
Shone C.C., Hambleton, P.. and Mcliing. J. 1987, £iir. 7. Biochem. 167, 175- 
1 80. An amount of LHh equivalent to half the weight of NGF used dissolved in 
tri^hanolamine buffer (0.02 M tiierhanolaminc/HCl, 0.1 M sodium diloride, pH 
7.8) at a concentration of about 1 mg/ml, was reacted with Traut*s reagent (100 
mM stock solution in 1 M trietiianolamine/HCU pH 8.0) at a final concentration 
of 2 mM. After one hour die IMyt was desalted into PBSE (pho^hate bufiered 
saline with 1 mMEDTA) using a PD-lOcolunm (Pharmacia). The protein peak 
fix>m the colimm ehiate was concentrated using a Microcon SO ( Amicon) to a 
concentration of about 2 mg/ml. 

The derivatized NGF was subjected to a final concentration step resulting in a 
reduction in volunie to less than 10 % of the startirig volume arid then mixed 
with the derivatized LH||Overriight at room tonpaature. The products of the 
reaction were analysed by polyacrylamide gel electrophoresis in tiie presence of 
sodium dodecyl-sulphate (SDS-PAG^. 

The conjugate resulting fix>m die above reaction was partially purified by size 
exclusion chromatography over Bio-Gel P-100 (Bio-Rad). The elution profile 
was followed by measuring the optical density at 280 nm and SDS-PAGE 
analysis of the fractions. This allowed the separation of conjugate fix)m fi»e 
NGF and by-products of the reactioiL 

Fig. 1 shows the SDS-PAGE analysis of the fractions from one such Bio-Gel P- 
100 column. The fi:ee LH^ and conjugate (M, lOOkDa and above) are clearly 
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sq>aratedfit>mthem^orityoftfaefireeNGF(Mrl3^ As2.SSNGFisa 
homo-dimer fonned by non-oovaleat interacdmis it is dissodated by treatment 
with SDS. Thus molecules tiiat have fonned covalent cross-links to LHn 
through one subunit only will dissociate during the SDS-P AGE analysis and 
give rise to the free NGF band seen in fractions 4-6. This result demonstrates 
that the homoKlimericstnictureofNGFieniains intact after doivati The 
free LHn seen in these fractions represents a minor ocMnponent vdiich has not 
coiqiled to NGF. Fractions 4-6 were pooled before further analysis. 

Fig. 2 shows an analysis of the conjugate by SDS-PAGE under reducing and 
non-reducing conditions. Lane 1 is free LI^ under non-reducing conditions, 
lane 2 is die sanie amount ofli^ reduced with 50 rnMdithiotfarritoL Lanes3 
and 4 show the conji^ate after size exclusion chromatography eidier without 
(lane 3) or with (lane 4) reduction by dithiothreitoL Similariy» lanes S and 6 
show NGF without or with reduction respectively. The results clearly show that 
the material in lane 5 with an apparent molecular mass greater than 1 OOkDa 
produces, upon reduction, the constituent bands of LH^ and NGF only. 
Furthermore the intensity of die bands following reduction is such that they 
must be derived from material odier than die small amounts of free LHn and 
NGF observed in the unreduced sample. The only available source for the 
excess is the inaterial with an apparent molecular mass >100kDa. The 
conjugate in the fractions obtained following die size-exclusion chromatography 
dius represents NGF and LHn covalenUy linked by reducible disulphide 
linkages. 

The fractions containir^ conjugate were stored at 4''C until required. 
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Rifflinple 2 Activities of a coqiugate of NGF and LH^ in PC>12 cells 

PC12 cells are aceil-line of neuroectodennal dmvation Aat are commonly used 
as a model system for Ae study of nerve fimctioa As a model system for 
testily the function of a conjugate of NGF and LH^ they have two necessary 
features: firstly they are well known to possess cell-sur&ce receptors for NGF 
tfiat have been shown to be involved in a differentiation process in respo 
low concentrations of NGF. Secondly they have been shown to contain the 
exocytotic machinery for neurotransmitter release including, imp(Mantly in this 
example, SNAP-2S. 

PCI2 cells were plated out into a 24-well plate that had been coated with 
MATRIGEL basement membrane matrix (Collaborative Biomedical Products) 
at a density ofapproximatelySx 10^ cells per well. After a few days in culture 
(RPMI 1640witti2mMglutamine, 10% horse serum and S% foetal calf serum, 
3TC^ 5% CO2) the medium was replaced with fi:esh medium containing added 
conjugate (prepared as described in Example 1) or LI^ or no addition. After 
being kept in culture overnight the medium was removed and the cells washed 
once with fiesh mecUum. Cells were then lysed by the addition of 0.4S ml 
sodium hydroxide (0.2 M) for 30 min. After this time the solutions woe 
neutralised by the addition of 0.45 ml hydrodiloric acid (0.2 M) followed by 0.1 
mlofHEPES/NaOH(l M,pH7.4). To extract the membrane proteins fiom 
these mixoiresTriton-X-l 14 (10%, v/v) was added and incubated at 4X for 60 
min, the insoluble material was removed by centrifiigationand the si^ematants 
were then warmed to 37*C for 30 min. The resulting two ^lascs were separated 
by centriftigation and the iqyper phase discarded. The proteins in die lower 
phase were precipitated with chloroformAn^hanol for analysis by Western 
blotting. 
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The samples were separated by SDS-P AGE and transfened to nitio-cellulose. 
Proteolysis of SNAP-2S, a ramcial component of the neuroseoetoiy process and 
the substrate for die zinc-dqpendent endopeptidase activity of BoNT/A, was 
then detected by probing with an antibody that recognises the newly revealed 
catboxy-tominus of dw cleaved SNAP-25 (the antirnxfy is described in Patent 
Appticadon PCT/GB95/01279). Figure 3 shows an example of such a Western 
blot No agnificant immunoreactivity was obsKved in sanq>les from control 
cells O^u^ 1 2) vAaeas a band corresponding to a molecular mass of 29 
kDa was observed weakly in sanq>les incubated widi 10 mg^ LHh (lanes 5 
and 6) and stroi^y in samples incubated widi 10 mg^ of die conjugate of 
NGF and LI^, (lanes 3 and 4). TTius incubadon of PC12 cells with die 
conjugate leads to die marked proteolysis of SNAP-2S indicdng diat die 
conjugate has introduced die zinc-dq)endait proteolytic activity of die L-chain 
of BoNT/A into die ceUs' cytoplasm. Litde or no such activity was seen widi 
the constituent componeiits of die conjugate. 

Incubation of cells widi die conjugate in die presence of an excess of free NGF 
resulted in a reduced production of die proteolytic product of SNAP-25 dian did 
incubation widi die coiQUgate alone. This indicates diat die action of die 
conjugate occurs by means of die NGF targeting moiety interacting widi die ceU 
) surftce receptors fiv NGF. 

FiTrmnn Ir '^'^ "'^^ * >f '^t"?^ "^^^^ Qoi\m& of 

TTie dorsal root ganglia contain die ccU bodies of primary nociceptive afferents. 
It is weU established d«tt in primary in vilw cultures of diis tissue die nem^ 

5 retain many ofdie characteristics ofdie nociceptive afferents. These 

characteristics include die abiUty to release neuropeptides such as su^^ 
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response to cbemicai stimuli known to cause pain in vivo (e.g. oqisaicin). 
Furthermore die neurons are known to possess receptois for NGF. 

Primary cultures of dorsal root ganglion neurons were established following 
dissociation of the ganglia dissected from rat embryos (embiyological age 12-15 
days). The cells woe plated into 12 well plates at an initiai density of 3x10^ 
cells/well in a medium containing NGF (100 ngAnl). Aiker one day in culture 
firesh medium containing cytosine aiabinoside (10 mM) was added to kill non* 
neunmal cells. Tbe cytosine arabinoside was removed after 2-4 days. After 
several more days in culture die medium was replaced with finesh medium 
containing conjugate or LI^ in the absence of NGF. Following overnight 
incubation at 3TC die medium was removed, the cells were lysed and die 
hydrophobic proteins extracted using Triton*X-l 14 as described in Example 2. 

The samples were analysed by Western blotting as described in Example 2 with 
the antibody diat recognises die product of the BoNT/A proteolysis of SNAP- 
25. No immunoreactivity was observed in samples fiom control cells (lane 4) 
whereas a band corresponding to a molecular mass of 29kDa was observed 
weakly in samples incubated widi 10 nig^ UIn 0^ 3) and strongly 
samples incubated with 10 mg/ml of the conjugate of NGF and LH^ (lanes 1 
and 2). 

This result indicates diat die conjugate can deUver die protcolytically-active L- 
chain of BoNT/A into die cytoplasm of die neuronal cells that, in vrvo, form the 
primary nociceptive afiferents. 

Fvample 4. Thi> pmAiction of rhimeric T.R. whereof die L chain IS dcrivcd 
finm RnNT/B and the R, ftaimient from BoNT/A- 
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The fragmeitt of BoNT/A is imKluced according to ^ method descri 
Shone C.C., Hambieton, P., and Melling, J. (1987, Eur. J. Biochem. 167. 175- 
180) and ibe L-chain of BoNT/B according to the method of Sathyamoorthy, V. 
and DasGupta, B.R. (1985,7. BioL Chenu 260, 10461-10466). The free 
cysteine on the Hn fiagment of BoNT/A is thai derivatised by ibs addition of a 
ten-fold molar excess of dipfyridyl disulphide followed by incubation at A'C 
overnight The excess dipyricfyl disulphide and tfiediiqiyridone by product are 
then removed by dffff''*^"g the protein over a PDIO column ( Ph a im a ci a ) into 
PBS. 



The derivatised is thm concenliated to a protein concentration in excess of 1 
mg/ml before being mixed with an equimolar portion of L-chain from BoNT/B 
(>1 mg/ml in PBS). After overnight incubation at room temperature the 
mixture is separated by size exclusion duomatogr^hy over Siq)erose 6 
(Phaimacia), and the fractions analysed by SDS-PAGE. The chimeric LI^ is 
then available for doivatisation to produce a targeted conjugate as described in 
Example 1. 



The examples described above are purely iUustrative of the invention. In 
synthesizing the agent the coupling of Ae TM to die modified clostridial 
neurotoxin or fragment thereof is achieved via chemical coupling using reagents 
and techniques known to those skiUed in the art Thus, although the examples 
given use exchisively the PDPH/EDAC and Traufs reagent chemistry any other 
coupling chemistry capable of covalently attaching the TM component of the 
agent to clostridial neurotoxin derived component and known to those skilled in 
the art is covered by the scope of this a^Ucation. Similarly it is evident to 
those skilled in the art that either the DNA coding for either the entire agent or 
fragments of the agent could be readUy constructed and. when expressed in an 

appropriate organism, could be used to recombinanlly pioduce the agent or 
fragments of the agent. Such genetic constructs of the agent of the invention 
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obtained by techniques known to those skilled in &e art are also covered in the 
scope of diis invention. 
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TM^ U Pi^lile Tanreriny Moieries (TMS 
Growth Factors: 

1. Nerve growth fector (NGF); 

2. Leukaemia inhibitoiy&ctorCLIF); 

5 3. Basic fifaroblasc growth factor (bFGF); 

4. Brain-derived neurotrophic factor (BDNF); 

5. Neurotrophiii-3 (NT-3); 

6. Hydra head activator peptide (HHAP); 

7. Transforming growth fiictor 1 (TGF- 1); 
.0 8. Transforming growth fector 2 (TGF- 2); 

9. Transformii^ growth factor (TGF-); 

10. Epidermal growth factor (EGF); 

1 1 . Ciliary neuro-trophic factor (CNTF)- 
Cytokines: 

15 L Tumour necrosis factor (TNF-.); 
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2. Interleuldn-l QLA); 

3. Interieuldn-1 (IL-1 ); 

4. Interlaikin-S (IL-8). 
Pqiddes: 

1. •Endoiphin; 

2. Methionine-enkephalin; 

3. D-Ala^-D-Leu'^enkei^in; 

4. Bradyldnin. 
Antibodies: 

1. Antibodies s^ainst the lactoseries caibohydrate epitopes found on the 
sui&ce of dorsal root ganglion neurons (e.g. monoclonal antibodies 1B2 and 

LA4); 

2. Antibodies against any of the recq>tors for the ligands given above. 

3. Antibodies against the surface expressed antigen Thy 1 (e.g. monoclonal 
antibody MRC 0X7). 
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1 . An agent exhibiting specificity for peripheral sensory affeients ^^ch 
comprises a molecule aq>able of introducing a protease activity specific for 
conqxinoits of the neurosecretory machinery into the cjrtosol of a primary 
sen^OT^ affietent, and thereby inhibiting the transmission of signals between a 
primary sensory afferent and a projection neuron by controlling the release of at 
least one neurotransmitter or neuromodulator firom the primary sensory afferent 

2. An agent according to Claim 1 in v/bich the protease activity is the 
protease activity of the light diain (L-chain) of a clostridial neurotoxin or a 
fragment thereof retaining the protease activiQr. 

3. An agent according to any preceding Claim ^ch comprises a Targeting 
Moiety (TM) coupled to a clostridial neurotoxin in which the heavy chain (H- 
chain) is removed or modified, the TM being capable of fimctionally interacting 
with a binding site causing a physical association between the agent and the 
sur&ce of a primary sensory afferent 

4. An agent according to any preceding Claim which comprises a Targeting 
Moiety (TM) coupled to a clostridial neurotoxin in which the He part of the H- 
rfiain is rcmoved or modified. 

5. An agent acwrding to Claim 4 in wbich the modified H^hain is the 
fr agme nt of a clostridial neurotoxin. 

6. An agent acooiding to any of Claims 2-5 in which the clostridial 
neurotoxin component is obtained ftom botulinmn neurotoxin. 
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7. An agent according to any of Claims 2-6 in livfaich the clostridial 
neurotoxin component is obtained from botulinum neurotoxin type A. 

8. An agent according to any of Claims 2-6 in which the clostridial 
neurotoxin oonq)onem is obtaiiied from botulinum neurotoxin type B. 

9. An agent according to any of Claims 2-6 in which the clostridial 
neurotoxin conqponent is obtained from botulinum neurotoxin type C , . 

10. An agent according to any of Claims 2-9 in wdiich the H-chain is 
modified by chemical derivatisation to reduce or remove its native binding 
afiBnity for motor neurons. 

11. An agent according to any of Claims 2-9 in which die H-chain is 
modified by mutation to reduce or remove its native binding afBnity for motor 
neurons. 

12. An agent according to any of Claims 2-9 in ^ch the H-chain is 
modified by proteolysis to reduce or remove its native binding affinity for motor 
neurons. 

13. An agent according to Claim 12 ^ch is formed by the coupling of a 
TM to the LHh fragment of botulinum neurotoxin type A. 

14. An agent according to Claim 12 ^ch is formed by the coupling of a 
TM to the LHn fragment of botulinum neurotoxin type B. 

15. An agent according to Claim 12 whidi is formed by the coupling of a 
TM to the UIm fragment of botulinum neurotoxin type C). 
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16. An agent according to any of Claims 2-12 in which the H-chain is 
obtained fiom a difieient clostridial neurotoxin than that from which the L- 
chain is obtained. 

17. An agent according to Claim 16 in which the H-chain is obtained from 
botulinum neurotoxin type A and the L-chain from botulinum neurotoxin type 
B. 

18. An agent according to Claim 17 which is composed of a TM linked to 
the Hh fragment of botulinum neurotoxin type A and Ae L-chain of botulinum 
neurotoxin type B. 

19. An agent according to any of Claims 2-18 in ^ch the L-diain or L- 
chain fragment is linked to the H-chain by a direct covalent linkage. 

20. An agent according to any of Claims 2-18 in which the L-chain or L- 
chain fragment is linked to the H-chain by a covalent linkage which includes 

one or more spacer regions. 

21. An agent according to any of Claims 2-20 in which the TM is c^>able of 
delivering the L-chain or L-chain fragment into die cytosol of a primary sensory 
afferent unaided. 

22. An agent according to any of Claims 2-21 in which the abiUty to deliver 
the L-chain or L-chain fragment into the cytosol of a primary sensory afferent is 
entirely contained within the TM. 

23 . An agent according to any of Claims 3 -22 in which the TM comprises a 
ligand to aceU-surfece binding site on a primary sensory afferent 
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24. An agent according to any of Claims 3-23 in which the TM binds to a 
binding ate which is chazacteristic of a particular defined population of primazy 
sensoiy afifeients. 

25. AnagentaccoidingtoanyofClatms3-24inv4iichtheTMbind^ 
bindmg site wfaidi is characteristic of a particular defined population of pximary 
nociceptive afiferents. 

26. An agent according to any of Claims 3-25 in v^ch the TM binds to a 
binding ^te ^diich undergoes retrograde tran^rt within a primary sensory 

27. An agent according to any of Claims 3-26 in which the TM binds to a 
binding site which undergoes retrograde transport within a primary nociceptive 
afiferenL 

28. An agent according to any of Claims 3-27 in \^ch the TM comprises a 
ligand to a cell-surfiu:e receptor on a primary sensory afferent 

29. An agent according to any of Clauns 3-28 in whidi the TM conq)rises a 
ligand to a growth &ctor recq)tor on a primary sensory afferent. 

30. An agent according to any of Claims 3-28 in which the TM comprises a 
ligand to a neuropeptide rec^tor on a primary sensory affemt 

31. An agent according to any of Claims 3-28 in which the TM comprises a 
ligand to a cytokine receptor on a primary sensory afferent 

32. An agent according to any of Claims 3-28 in which the TM comprises a 
ligand to a hormone receptor on a primary sensory afferent 



SUBSTTTUTE SHEET (RULE 26) 



wo 9603273 



PCT/GS9M0916 



- 30 - 

33. An agent acceding to any of Claim 3-32 in >^ch the TM comprises a 
monoclonal antibody or is doived from a monoclonal antibody to a sinfiice 
antigen on a primary sensory afferent 

34. An agent according to Claim 29 in vAich tiie TM comprises a li gand to a 
5 nerve growth fector receptor. 

35 . An agent according to Claim 34 in which the TM comprises nerve 
growth factor. 

36. An agent according to Claim 35 v^ch comprises nerve growth factor 
linked to the LHh fragment of botulinum neurotoxin type A. 

Lo 37. An agent accwding to any preceding Claim in which the TM is linked to 
the clostridial neurotoxin-derived component by a direct covalent linkage. 

38. An agent according to any preceding Claim in which the TM is linked to 
the clostridial neurotoxinrderived component by a covalent linkage vMch 
includes one or more spacer regions. 

L5 39. An agent according to any preceding Claim which prevents the release 
of a neurotransmitter or neuromodulator from a primary sensory afferent 

40. An agent according to any preceding Claim whidi inhibits the release of 
a neurotransmitter or neuromodulator from a primary nociceptive afferent 

4L A method for obtainmg an agent according to any preceding Claim 
20 which comprises the covalent attachment of a TM to a modifi^ 
neurotoxin or a fragment of a clostridial neurotoxin. 
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42. A method for obtaining an ageatacconi]^ 1-40 whidi 

comprises the covalent attachment of a TM to a modified clostridial neurotoxin 
or a fiagment of a clostridial neurotoxin with the inclusion of one or more 
spacer regions. 

s 43. A metiK>d for obtaining an agent according to any of Claims 1-40 which 
ccmqjzises constructing a genetic construct which codes for a modified 
clostridial neurotoxin or a fragment of a clostridial neurotoxin , inc(»porating 
said construct into a host organism, e7q;)ressing the construct to produce the 
modified clostridial neurotoxin or fragment of a clostridial neurotoxin and the 
10 covalent attadunentofdie modified clostridial iimirotoxin or fiagxneiit of a 
clostridial neurotoxin to a TM. 

44. A m^hod for obtaining an agent according to any of Claims 1-40 which 
conqirises constructing a genedc construct which codes for a modified 
clostridial neurotoxin or a fragment of a clostridial neurotoxin , incorporating 

15 said construct irito a host orgaiiism,e9qiressing the coiistruct to produce the 

modified clostridial neurotoxin or fi:agment of a clostridial neurotoxin and the 
covalent attachment of the modified clostridial neurotoxin or fragment of a 
clostridial neurotoxin to a TM with the inclusion of one or more spacer regions. 

45. A method for obtaining an agent according to any of Claims 1-40 which 
20 comprises constructing a genetic construct which codes for the agent, 

incorporating said constnict into a host organism and expressing the construct to 

produce the agent 

46. A mediod of controlling the release of a neurotransmitter or 
neuromodulator from a primary sensory afiGoent by applying Ae agent of any 

25 one of Claims 1 -40. 
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47. A mediod of contioUiDg the release of a neurotransmitter or 
neuromodulator fiom a pnmaiy nociceptive a£feraxt by qipiying the agent of 
any one of Claims 1-40. 

48. A mettiod of controlling the transmisaon of sensory information fiom a 
primary sensory affexrat to a projection neuron by q>plying the agent of any one 
of Claims 1-40. 

49. A method of controllii^ the transmission of sensory infinmation fiom a 
primaiy nociceptive afferent to a proj ecti<m neuron by applying tibe agent of any 
one of Claims 1-40. 

50. A method of controlling the sensation of pain by applying the agent of 
any one of Claims 1-40. 

51. Use of the agent according to any one of Claims 1-40 or a 
phannaceuticaUy acceptable salt thereof as amedicament for the alleviation of 
pain. 

52. Use of the agent accorcUng to any one of Claims 1-40 or a 
phannaceuticaUy acceptable salt thereof as a medicament for the prevention of 
paixL 

53. Use ofthe agent according to any one ofClaims 1-40 in the manufectu^ 
of a medicament for the alleviation of pain. 

54. Use of the agent according to any one of Claims 1-40 inthemanufecture 
of a mecBcament for the prevention of pain. 
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55. A method of aUeviating pain wbich comprises administering an effective 
dose ofthe agent according to any one of Claims 1-40. 

56. A method of preventing pain which comprises administering an efifective 
dose ofthe agent according to any one of Claims 1-40. 

57. An agent exhibiting q)ecificit^ for periph^al sensory afiferents which 
can hihibit the release of at least one neurotransmitter or neuromodulator or both 
from the synapric tenninals of nociceptive afifemts, the agent having the 
following discreet fimcdons: 

1) It binds to a sur&ce structure (the Binding Site [BS]) which is 
characteristic o^ and has a degree of specificity for» nociceptive afferent 
neurons; 

2) It raters the neuron; 

3) It enters the cytosoi; and 

4) It modifies components of the exocytotic machinery present in the 
synaptic tenninals of tfie central processes of the neurons, such that the release 
of at least one neurotransmitter or neuromodulator bom the synq)tic terminal is 
reduced or prevented. 
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